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We analyze the properties of the lusters of galaxies in the region of the Ursa Major (UMa)
superluster using observational data from SDSS and 2MASS atalogs. The region studied
inludes a superluster (with a galaxy and luster overdensity of 3 and 15, respetively) and
eld lusters inside the 150-Mp diameter surrounding region. The total dynamial mass
of 10 lusters of galaxies in UMa is equal to 2.25 × 1015 M⊙, and the mass of 11 lusters
of galaxies in the UMa neighborhood is equal to 1.70× 1015 M⊙. The fration of early-type
galaxies brighter thanM∗K +1 in the virialized regions of lusters is, on the average, equal to
70%, and it is virtually independent on the mass of the luster. The fration of these galaxies
and their average photometri parameters are almost the same both for UMa lusters and
for the lusters loated in its surroundings. Parameters of the lusters of galaxies, suh as
infrared luminosities up to a xed magnitude, the mass-to-luminosity ratio, and the number
of galaxies have almost the same orrelations with the luster mass as in other samples of
galaxies lusters. However, the satter of these parameters for UMa member lusters is twie
smaller than the orresponding satter for eld lusters, possibly, due to the ommon origin
of UMa lusters and synhronized dynamial evolution of lusters in the superluster.
1. INTRODUCTION
Clusters of galaxies, whih are the biggest virialized systems in the Universe, form even larger
struturesthe superlusters. Superlusters onsist of two to twenty lusters and groups of galaxies,
whih are loated either in laments or at the intersetions of laments (nodes). Superlusters are
large strutures and their study requires the use of extensive observational datarst and foremost,
radial veloities of galaxies. For example, based on their analysis of the 2dF survey, Einasto et
al. [1℄ revealed the following property of the superlusters of galaxies: rih lusters of galaxies,
loated in the densest regions of rih superlusters, ontain greater frations of early-type galaxies.
Note that the brightest galaxies of the main lusters (i.e., bright lusters loated near the peak
of luminosity density) in rih superlusters are brighter than the orresponding galaxies in poor
superlusters or eld groups. An analysis of the rih superluster Corona Borealis (z ∼ 0.07, [2℄)
shows that this system exhibits an exess of bright galaxies ompared to the eld. A study of the
2properties of galaxies in the Shapley superluster yielded the following results [3℄: the (B − R,R)
olor-magnitude relation shows that early-type galaxies in the ores of lusters are 0.m015 redder
(older) than in less dense regions, whereas the fration of late-type galaxies inreases with dereasing
loal galaxy density and with inreasing magnitude. Moreover, the Shehter funtion ts poorly
the omposite luminosity funtion of the superluster [4℄.
The aim of this paper is to ompare the properties of lusters of galaxies and the average
parameters of the subsamples loated within the virial radius: (1) 12 lusters loated in the Ursa
Major superluster and (2) 12 isolated eld lusters loated in the nearest neighborhood of the Ursa
Major superluster within 75 Mp of the enter of the system. For this study we used the data of the
2MASS (Two-Miron All-Sky Survey) and SDSS (Sloan Digital Sky Survey) atalogs. The paper
has the following layout. Part 2 desribes the parameters of lusters of galaxies: the dispersion
of galaxy veloities, radius of the virial region, and mass. In Part 3 we ompute and list the
total Ks-band (hereafter simply referred to as K-band) luminosities of the lusters, the omposite
luminosity funtion of the lusters of the system, the luminosity funtions of early- and late-type
galaxies, and various orrelations between the parameters of lusters of galaxies. In Conlusions we
list the results obtained. Throughout this paper we adopt the following osmologial parameters:
Ωm = 0.3, ΩΛ = 0.7, and H0 = 70 km/s/Mp.
2. PARAMETERS OF CLUSTERS
The sample studied is made up of 12 member lusters of the UMa superluster (the superluster
is the spae region where the galaxy overdensity is about 3 [5℄), and 12 lusters of galaxies loated
in the UMa neighborhood with a lower overdensity. The redshifts of lusters lie in the interval
0.045 < z < 0.075. We use for the galaxies studied the spetrosopi data reported in the SDSS
(Data Release 5) atalog and supplement them by the data adopted from NED. In our earlier
papers we used the Data Release 3 [6℄ and Data Release 4 [5℄ atalogs, whih ontained inomplete
data for some of the lusters (A1291, A1377, A1436, and Anon4). In this paper we rene all the
parameters of the lusters of galaxies based on SDSS data (our previous papers were based on the
2MASS atalog).
32.1. Dynami Parameters of Clusters of Galaxies
We determine the dynamial masses of lusters from the dispersion of galaxy radial veloities
assuming that the luster is in virial equilibrium and the masses of galaxies inrease linearly with
radius. Aording to Carlberg et al. [7℄, the radius of a luster whose density is 200 times higher
than the ritial density, is lose to virial radius and an be estimated by the formula R200 =
√
3σ/(10H(z))Mp. The mass within R200 is equal toM200 = 3G
−1R200σ
2
200. We thus rst estimate
the average radial veloity cz of the luster and its dispersion σ, and then nd the R200 radius from
the dispersion. We onsider the galaxies with veloities greater than 2.5σ to be bakground objets.
We use the iteration method to nd all the luster parameters within the given radius.
We summed up the resulting masses of 10 lusters in UMa (with the exeption of A1291B and
Anon2 lusters, whih we disuss below) to infer a lower superluster mass estimate of 2.25 × 1015
M⊙. The total mass of 11 lusters in the UMa neighborhood (without A1279) is equal to 1.70×1015
M⊙. Some lusters of galaxies (A1270, RXCJ1010, and RXJ1033) ontain sublusters loated both
within R200 and near this radius, and therefore the inferred masses are lower estimates. Table 1
lists the derived parameters with the errors orresponding to the errors of inferred σ. The luster
enters usually oinide with the positions of the brightest galaxies of the orresponding lusters and
are loated lose the enters of X-ray radiation (if deteted) with the exeption for some lusters
disussed below. Table 1 also lists the 0.12.4 keV X-ray luminosities adopted from the BAX
database [8℄. The number of galaxies, Nz, is equal to the number of galaxies observed within R200
from the luster enter.
In gs 122 we present the following properties of the lusters: the deviations of the radial
veloities of galaxies from the average radial veloity of the luster within ±3000 km/s; the integrated
distribution of the number of galaxies as a funtion of the squared angular distane from the enter
of the luster; the sky positions of galaxies within 45
′
from the enter of the luster, and the
distribution of the radial veloities of luster member galaxies loated within R200 from the luster
enter.
We ompare our radial-veloity dispersions with those reported by Aguerri et al. [9℄ for the
nine lusters in ommon to nd that the dierenes are lying in the interval (−53 km/s)<
∆σ <(+55 km/s). The dierenes for the A1291B, RXCJ1053A, and A1169 lusters are muh
greater and amount to (+170 km/s), (+158 km/s), and (−149 km/s), respetively; they must be
due to the presene of sublusters in these systems and to the dierenes in the tehniques used to
nd the position of the luster enter and to identify luster members.
4Table 1. Dynami properties of lusters
Cluster α (J2000) δ czh Nz σc R200 M200 L0.1−2.4 keV
hh mm ss dd mm ss km/s km/s Mp 1014 M⊙ 10
44
erg/s
A1270 11 29 42.0+54 05 56 20688 57 553± 73 1.32 2.82± 1.06 0.06:
A1291A 11 32 21.1+55 58 03 15394 33 391± 68 0.94 1.01± 0.54 0.22
A1291B 11 32 02.4+56 04 12 17357 37 550± 90 1.32 2.80± 1.39 -
A1318 11 36 03.5+55 04 31 16914 40 394± 62 0.95 1.03± 0.49 0.04:
A1377 11 47 21.3+55 43 49 15531 86 632± 68 1.53 4.28± 1.38 0.28
A1383 11 48 05.8+54 38 47 17862 52 464± 64 1.12 1.69± 0.74 0.13:
A1436 12 00 08.8+56 10 52 19499 89 682± 72 1.64 5.34± 1.70 0.52
Anon1 11 15 23.8+54 26 39 20951 55 608± 82 1.46 3.78± 1.53 0.35
Anon2 11 19 46.0+54 28 02 21147 14 253± 68 0.61 0.27± 0.22 -
Anon3 11 29 32.3+55 25 20 20390 23 375± 78 0.90 0.88± 0.56 -
Anon4 11 39 08.5+55 39 52 18303 25 397± 79 0.95 1.05± 0.64 -
Sh166 12 03 11.9+54 50 50 15003 24 327± 67 0.79 0.59± 0.38 -
A1003 10 25 01.6+47 50 28 18882 28 562± 106 1.35 2.98± 1.95 0.10
A1169 11 07 49.3+43 55 00 17630 69 582± 70 1.40 3.32± 1.20 0.06:
A1279 11 31 39.3+67 14 30 16285 6 187± 76 0.45 0.11± 0.14 -
A1452 12 03 28.4+51 42 56 18542 20 514± 115 1.23 2.27± 1.71 -
A1461 12 04 24.7+42 33 43 16177 13 317± 88 0.77 0.54± 0.46 -
A1507 12 14 48.6+59 54 22 17978 38 432± 70 1.04 1.36± 0.66 0.07
A1534 12 24 42.8+61 28 15 20967 18 307± 72 0.74 0.49± 0.35 -
RXCJ1010 10 10 16.1+54 30 06 13736 34 418± 72 1.01 1.24± 0.60 0.02
RXJ1033 10 33 51.2+57 03 21 13671 47 413± 60 1.00 1.19± 0.52 0.01
RXCJ1053A 10 54 11.2+54 50 18 21551 49 507± 72 1.21 2.18± 0.94 0.53
RXCJ1053B 10 51 47.0+55 23 00 22113 30 420± 77 1.00 1.23± 0.42 -
RXCJ1122 11 22 45.8+67 09 55 16607 12 223± 64 0.54 0.19± 0.16 0.06
2.2. Comments on Some Clusters
A1270. This luster is loated in the farthermost lament of the UMa system (see [5, Fig. 1℄).
It is evident from Fig. 1 that the luster has emerged from the lament, however, there are still
subsystems within R200. The luster does not have the brightest entral galaxy and we adopt the
midpoint between the the two main subsystems as the position of the luster enter.
A1291A,B. The A1291A luster (Fig. 2) has a dominating galaxy. We adopted its position as
the position of the luster enter, although the enter of X-ray radiation is slightly oset with respet
5Figure 1. Distribution of galaxies in A1270. The top left gure represents the deviation of the radial veloities of
galaxies from the mean radial veloity of the luster, averaged over the galaxies loated within R200 from the luster
enter. The horizontal dashed lines orrespond to ±2.5σ deviations; the vertial dashed line indiates the R200
radius, and the dotted line shows the Abell radius (2.14 Mp). The large irles indiate the galaxies brighter than
M∗K + 1 = −23
m.29; the irles with dots inside are the early-type galaxies; plus signs and rosses are the
bakground and foreground galaxies, respetively. In the bottom left gure we present the integrated distribution of
the total number of galaxies as a funtion of the squared lusterentri distane. The irles and asterisks
orrespond to the galaxies shown by irles in the top left gure and to bakground galaxies, respetively. The
dashed and dotted lines indiate the domains of linear inrease of the number of luster and bakground galaxies,
respetively. In the top right gure you an see the sky distribution (in equatorial oordinates) of the galaxies
represented in the top left gure (the same designations are used). Centered irles denote the regions inside R200
(the dashed urve) and the Abell radius (the dotted urve). The domain under study is bounded by the irle of
radius 45
′
(the solid line). The big ross indiates the position of the enter of the luster. And nally in the
bottom right gure we presented the distribution of the radial veloities of the luster galaxies loated within R200.
The vertial dashed line orresponds to the average radial veloity of the luster. The struture and designations
are the same in gs. 122.
to it. The A1291B luster deviates signiantly from the relations derived below (see Setion 5),
and at least two subsystems are apparent in its radial-veloity distribution (Fig. 3) (the bottom
right gure). A plausible explanation would be to assume that the A1291B luster is atually a
projetion of several groups of galaxies oriented along the line of sigh. In this ase the dispersion
6Figure 2. Distribution of galaxies in A1291A.
Figure 3. Distribution of galaxies in A1291B.
7Figure 4. Distribution of galaxies in A1318.
Figure 5. Distribution of galaxies in A1377.
8Figure 6. Distribution of galaxies in A1383.
Figure 7. Distribution of galaxies in A1436.
9of galaxy veloities and the mass of the luster should be highly overestimated.
A1436. The luster has an elongated shape and sharp edges. We may be observing it during a
period of violent dynamial relaxation after the merger of two sublusters along the lament, when
most of the galaxies have already onentrated inside the virial radius, but the brightest galaxy had
not yet settled at the enter of the luster. As the enter of the luster we adopted the position
given by the mean oordinates of the two brightest galaxies.
Anon1 (RXCJ1115.5+5426) and Anon2. These lusters are loated in the farthermost
lament of the UMa superluster (see [5, Fig. 1℄). Anon1 (Fig. 8) is a rather rih X-ray luster
with a D galaxy at its enter, whih may be a part of the lament adjaent to the Anon1 luster
rather than an isolated virialized objet. The Anon2 luster, whih is loated 30′ East of Anon1, is
a group onsisting of bright early-type galaxies with a low dispersion of radial veloities. That is
why Anon2 does not obey the relations that we derive for normal lusters (Setion 5).
A1169. The luster (Fig. 13) is highly elongated in the sky plane from Northeast to Southwest.
As its enter, we adopted the entroid omputed over all galaxies, although the brightest galaxy is
loated in the Southwestern ompat subgroup of galaxies.
A1279. A very poor luster (Fig. 14) with one elliptial galaxy and several late-type galaxies
loated within R200. This luster has the lowest fration (0.25) of early-type galaxies down to a
limiting magnitude ofM∗K +1. By its parameters, A1279 should be lassied as a group of galaxies.
RXCJ1010. This luster has not yet entirely formed (Fig. 19). The enter of the luster is
loated at the enter of X-ray ux distribution, whih oinides with the position of the brightest
galaxy. It is evident from Fig. 19 (the top right gure) that the luster ontains small sublusters
loated near the enter (about 9′ and 18′ from it), whih onsist of early-type galaxies.
RXJ1033. The oordinates of the enter of the X-ray ux distribution approximately oinide
with those of the brightest galaxy. However, given the presene of another subluster loated 15′
from this enter (Fig. 20), whih onsists mostly of late-type galaxies and has a radial veloity that
diers by 300 km/s from that of the main luster, we assume that the enter of the luster should
oinide with the position of the entroid omputed over all galaxies of the luster.
RXCJ1053A,B. There is another luster (whih we designate as RXCJ1053B) 33′ Northwest
of the main luster disovered via X-ray observations (Fig. 21). The average radial veloity of
RXCJ1053B diers by about 600 km/s from that of the main luster.
RXCJ1122. We set the enter of the luster (Fig. 22) at the midpoint between the two brightest
galaxies.
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Figure 8. Distribution of galaxies in the Anon1 luster (the Anon2 luster is loated left of Anon1 and we
indiate the position of its enter by a big ross).
Figure 9. Distribution of galaxies in Anon3.
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Figure 10. Distribution of galaxies in Anon4.
Figure 11. Distribution of galaxies in Sh166.
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Figure 12. Distribution of galaxies in A1003.
Figure 13. Distribution of galaxies in A1169.
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Figure 14. Distribution of galaxies in A1279.
Figure 15. Distribution of galaxies in A1452.
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3. TOTAL K-BAND LUMINOSITY OF CLUSTERS OF GALAXIES
The main baryon omponents of lusters of galaxies are: stars in galaxies and in the intergalati
spae and the hot gas that lls the intergalati and interluster spae. The parameters of these
baryoni omponents an be measured in the proess of observations. Infrared (IR) radiation of
stars is not aeted signiantly by either starbursts in a galaxy or dust, beause the entral regions
of lusters of galaxies are mostly oupied by early-type galaxies with old stellar population. IR
radiation is therefore a more aurate traer of mass of the stellar population in lusters of galaxies
and it is often used for this (see, e.g., [1012℄). To nd the total IR luminosities of lusters of
galaxies, in our earlier paper [6℄ we used the photometri data given in the nal release of the
2MASS atalog for extended objets (XSC [13℄). About a half of the galaxies (at the distane of the
UMa system (z ≃ 0.06)) disovered spetrosopially in the SDSS atalog have no measurements
in the XSC and we therefore used the data from the point-soure atalog (PSC) for these objets.
The magnitudes of bright galaxies, listed in this atalog, have rather large errors, although the
magnitude orretions for about 14m galaxies (whih are usually absent in the XSC atalog) are
about 0.2m. Figure 23 demonstrates, as an example, the K(XSC)K(PSC) dierenes for the
same galaxies of the A1377 luster.
In this paper to searh for the K-band magnitudes we use a dierent method desribed
by M. Obri et al. [14℄. They alulate the K(SDSS) magnitudes for 99000 SDSS (DR1) galax-
ies based on their u− r olor indies. We proeeded as follows: K(SDSS) = rpet − (r −
K), where rpet is the Petrosian r-band magnitude of the galaxy and r − K is given by the
formula r − K = 1.115 + 0.94(u − r) − 0.165(u − r)2 + 0.00851(u − r)3 + 4.92z − 9.1z2
(here z is the redshift of the galaxy). We further orreted the r −K olors by adding the terms
0.496 − 0.154Rz50 for late-type (u− r < 2.22) and 0.107 − 0.045Rz50 for early-type (u− r ≥ 2.22)
galaxies, respetively, where Rz50 is the radius of the region emitting 50% of the Petrosian z-band
ux. We adjusted Petrosian's magnitudes as desribed by Graham [15℄ to transform them into the
total galaxy magnitudes by the formula:
rtot = rpet − 5.1× 10−4 × exp((Rr90/Rr50)1.451),
where Rr90 and R
r
50 are the radii of the regions ontaining 90% and 50% of the Petrosian r-band ux,
respetively. Figure 24 represents the dierene between the omputed (K(SDSS)) and integrated
(K(XSC)) magnitudes obtained from isophotal magnitudes orresponding to the surfae brightness
level of µK = 20
m/′′, minus 0.2m in aordane with the reommendations of Kohanek et al. [16℄.
E.g., the orresponding magnitude dierene for 92 galaxies (rpet < 17.77
m
) of the A1377 luster is
15
Figure 16. Distribution of galaxies in A1461.
Figure 17. Distribution of galaxies in A1507.
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equal to (0.12 ± 0.02)m, and it is the same for other lusters within the quoted errors. We applied
this orretion when omputing K(SDSS). The average error of the isophotal magnitudes in the
extended soure atalog is equal to 0.1m for the lusters studied.
The ompleteness of our sample is determined by that of the spetrosopi data of the SDSS
atalog. For objets satisfying the onditions rpet < 17.77
m
and µr < 24.5
m/′′ (the Petrosian
r-band magnitude of the galaxy orreted for Galati absorption and the average Petrosian surfae
brightness orresponding to the eetive radius) the ompleteness of SDSS data is estimated at
99% [17℄ and the ompleteness for bright galaxies, at 95%. We supplemented the radial-veloity
measurements for bright galaxies (one to ve objets per luster), whih are unavailable in SDSS,
by adopting them from the NED database.
The L200,K luminosity of a luster is equal to the sum of the K-band luminosi-
ties of its member galaxies loated within R200 down to a xed limiting absolute mag-
nitude. We set this limit, like Lin et al. [10℄, equal to −21m. We rst transformed
the observed galaxy magnitudes into the orresponding absolute magnitudes by the formula:
MK = K − 25 − 5 log10(Dl/1Mp) − AK −K(z), where Dl is the distane to the galaxy used to
ompute its luminosity; AK is the Galati extintion and K(z) = −6 log(1 + z), the K-orretion
omputed in aordane with [16℄. We applied no evolutionary orretions beause of the small red-
shift interval (from 0.045 to 0.075) spanned by the objets in our sample. Galati extintion, whih
we adopt from NED, is less than 0.01m for our galaxies. The 2MASS (XSC) is not a deep survey
(its K-band photometri limit for the ompleteness level of 90% and above is equal to 13.5m in
K-band [13℄). We supplemented this atalog with galaxies from SDSS atalog with the Petrosian
magnitudes rpet < 17.77
m
. Given that the r −K olor index is, on the average, equal to 2.8m for
early-type galaxies, whih make up most of galaxies within R200, the limiting K-band magnitude
of our sample of galaxies with individual K-band magnitude estimates must be of about 15m.
The omputation of the total luminosity of a luster of galaxies using the luminosity funtion
(LF) inside the seleted radius is a two-stage proedure [11℄: the LF should rst be normalized to
the observed number of galaxies and then extrapolated into the domain of faint magnitudes down
to the adopted limit. This is generally done either using the parameters of the Shehter funtion
(the harateristi magnitude M∗K and the slope α) for eld galaxies or using the orresponding
parameters determined for the omposite LF of the sample studied. To estimate how the omputed
luminosities of lusters dier in these two ases, we rst used the parameters of the Shehter
funtion for eld galaxies as inferred by Kohanek et al. [16℄ (M∗K , α) = (−24.14m, -1.09), whih
are ommonly employed by other authors. We omputed the normalization parameter for eah
17
Figure 18. Distribution of galaxies in A1534.
Figure 19. Distribution of galaxies in RXCJ1010.
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Figure 20. Distribution of galaxies in RXJ1033.
Figure 21. Distribution of galaxies in RXCJ1053A (RXCJ1053B is loated at the top right orner and is
indiated by a big ross).
19
Figure 22. Distribution of galaxies in RXCJ1122.
Figure 23. Comparison of the K-band magnitudes for the galaxies from the 2MASS extended-soure atalog XSC
(magnitudes within the µK = 20
m/′′ surfae-brightness isophote) and the 2MASS point-soure atalog PSC
(magnitude in the standard aperture) for the A1377 luster.
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luster:
φ∗ = Nobs/
∫ +∞
LK,lim/L
∗
K
tαe−tdt,
where t = L/L∗K . We then summed up the luminosities of galaxies down to the limiting magnitude
of 15m and used the normalization quantity obtained to extrapolate the LF downward to the limiting
magnitude of −21m, whih orresponds to the luminosity LK,min:
LK =
Nobs∑
i=1
LK,i + φ
∗L∗K
∫ LK,lim/L∗K
LK,min/L
∗
K
tα+1e−tdt.
This proedure inreases the luminosity of the luster by 5% on the average.
In the seond variant of the omputation of the total luminosities of lusters we searhed for
the parameters of the Shehter funtion for omposite luminosity funtion of our sample. To
perform this, we ounted galaxies in eah luster within 0.5m-wide magnitude intervals. We then
onstruted the omposite luminosity funtions for the virialized regions of UMa lusters and for
the lusters loated in less densely populated immediate environments using the method desribed
by Colless [18℄ and approximated the resulting omposite LFs via nonlinear least squares method
by the Shehter funtions [19℄ with the parameters M∗K = −24.33m ± 0.04, α = −0.82 ± 0.02 and
M∗K = −24.20m ± 0.13, α = −0.92 ± 0.09 for UMa lusters and for the lusters from the UMa
neighborhood, respetively (we hose our last data point in the domain of faint magnitudes to be
−23.0m in order to avoid data inompleteness for more distant lusters). We ompute the errors
as
√
dN , where dN is the number of galaxies in the dM interval. The exlusion of the highest-
luminosity data point from the t has no signiant eet on the parameters above. Figure 25
shows both luminosity funtions. The parameters of two funtions are almost the same and we
therefore onstruted the omposite luminosity funtion for all lusters and used the Shehter
funtion parameters inferred for the ombined sample (M∗K = −24.29m ± 0.05, α = −0.85 ± 0.03)
to ompute the total luster luminosities listed in Table 2. The total luminosities of lusters of
galaxies, alulated using this way, on the average are higher than the orresponding luminosities
omputed in the rst variant by 3%, implying an inrease of the mass-to-luminosity ratio in the
same proportion. The parameters of the luminosity funtions for individual lusters dier by less
than 3σ from the values above.
Unlike the other authors, we found that parameter M∗K in virialized regions of galaxies lusters
loated in the UMa region is 0.15m lower than the same for eld galaxies [16℄. In the virialized
regions of nine nearby rih (495 km/s < σ < 1042 km/s ) and X-ray luminous lusters of galaxies the
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Table 2. Properties of lusters in the near IR
Cluster LK,200 M/LK N(−21m) fE(NE)
1012 L⊙ M⊙/L⊙
A1270 5.12± 0.16 55± 18 92 0.63(22)
A1291A 1.82± 0.10 55± 30 41 0.85(11)
A1291B 1.78± 0.12 158± 80 50 0.69(9)
A1318 2.90± 0.17 36± 17 53 0.78(11)
A1377 6.52± 0.15 66± 21 103 0.65(26)
A1383 3.76± 0.13 45± 16 72 0.67(20)
A1436 6.74± 0.16 79± 23 130 0.82(37)
Anon1 4.57± 0.14 83± 28 84 0.71(27)
Anon2 1.96± 0.16 14± 8 23 0.91(10)
Anon3 1.88± 0.16 47± 23 35 0.78(11)
Anon4 2.36± 0.14 44± 20 33 0.50(8)
Sh166 1.35± 0.09 44± 23 36 0.70(7)
A1003 2.82± 0.16 106± 55 41 0.47(8)
A1169 4.25± 0.11 78± 27 89 0.68(19)
A1279 0.64± 0.14 17± 16 8 0.25(1)
A1452 2.08± 0.09 109± 64 29 0.67(8)
A1461 0.82± 0.10 66± 49 15 0.75(3)
A1507 2.63± 0.14 52± 21 50 0.71(12)
A1534 2.29± 0.14 21± 12 29 0.69(9)
RXCJ1010 2.00± 0.16 62± 23 39 0.64(7)
RXJ1033 2.69± 0.18 45± 18 52 0.56(9)
RXCJ1053A 3.94± 0.11 55± 21 80 0.68(19)
RXCJ1053B 2.59± 0.08 47± 35 46 0.58(11)
RXCJ1122 0.79± 0.13 24± 18 16 0.80(4)
M∗K parameter is lower by 0.62
m
[12℄ and the fration of faint galaxies is muh higher (α=1.35).
Rines et al. [12℄ used the total extrapolated magnitudes.
4. PROPERTIES OF EARLY-TYPE GALAXIES IN THE VIRIALIZED REGIONS OF
CLUSTERS OF GALAXIES
The fration of early-type galaxies in lusters is known to inrease with inreasing loal galaxy
density [20, 21℄, and so does the luminosity of their spheroidal omponents [20℄. In this paper we
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Figure 24. Comparison of the K-band magnitudes omputed using the u− r olor index from the SDSS atalog
with the 2MASS XCS µK = 20
m/′′ isophotal magnitudes for galaxies of the A1377 luster. The solid line
indiates the average magnitude dierene.
Figure 25. Combined luminosity funtions for UMa galaxies (the lled irles) and for eld galaxies (the open
irles). The solid and dashed lines indiate the orresponding Shehter funtions.
analyze the properties of early-type galaxies loated in the UMa superluster and in its immediate
viinity. We used the following riteria to selet early-type galaxies (in the r-band lter of SDSS):
fracDeV ≥ 0.8 (this parameter haraterizes the ontribution of the de Vauouleurs prole to the
surfae-brightness prole of the galaxy); Rr90/R
r
50 ≥ 2.6 (the onentration index is equal to the
ratio of the radii ontaining 90% and 50% of the Petrosian ux). We onstruted the omposite
K-band luminosity funtions separately for early- and late-type galaxies (Figs. 26 and 27) in the
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virialized regions of lusters of galaxies. We derived the following parameters for the Shehter
funtion:
(a) M∗K = −24.54m ± 0.18, α = −0.61 ± 0.09 for early-type galaxies of the UMa system and
M∗K = −24.48m ± 0.07, α = −0.65± 0.04 for galaxies in the UMa neighborhood;
(b) M∗K = −24.06m ± 0.06, α = −1.22 ± 0.06 for late-type galaxies of the UMa system and
M∗K = −24.05m ± 0.18, α = −1.23± 0.18 for galaxies in the UMa neighborhood.
The number of early-type galaxies in 10 UMa lusters is 40% greater than the same in 11 lusters in
the nearest neighborhood of the superluster, and the number of late-type galaxies is 15% greater
down to the adopted limiting magnitude of (−21m). We ompared the M∗K for early-type galaxies
in the UMa region (−24.54m, −24.48m) with the similar values for eld galaxies [16℄ (−24.28m).
We performed a similar omparison of the M∗K magnitudes for late-type galaxies in the UMa neigh-
borhood (−24.06m, −24.05m) and for eld galaxies (−23.73m) from the same paper. We found that
the M∗K magnitudes in the virialized regions of lusters of galaxies to be 0.23
m
and 0.32m lower
for early- and late-type galaxies, respetively, loated in the UMa region than the orresponding
magnitudes for eld galaxies. Moreover, the number of early-type galaxies in the lusters loated
in the region studied dereases (α > −1) and that of late-type galaxies inreases (α < −1) with
dereasing galaxy luminosity.
We alulate the fration of early-type galaxies (i.e., the ratio of number of early-type galax-
ies to the total number of galaxies) inside R200 down to a xed limiting magnitude orresponding
to M∗K + 1, where M
∗
K is equal to the harateristi magnitude of the luster sample (−24.29m).
We found that, on the average, the fration of bright early-type galaxies in the UMa system is
equal to 0.71 ± 0.03 (without A1291B and Anon2), and the orresponding fration for the neigh-
borhood of the UMa superluster is 0.66 ± 0.03 (without A1279). Figure 28 presents the fration
of bright early-type galaxies plotted as a funtion of the luster mass. It is evident from the g-
ure that the fration of early-type galaxies remains almost unhanged with the luster mass lying
in the interval 1013 M⊙ < M < 5.0× 1014 M⊙. A similar result for lusters of galaxies was ob-
tained, e.g., by Balogh et al. [22℄ and Tanaka et al. [23℄. At the same time, Martinez et al. [24℄ and
Weinmann et al. [25℄ found that the fration of suh galaxies in groups dereases with the dereasing
mass of the group. A1279 and Anon2 with their extremely large early-type galaxy populations stand
out among the lusters of galaxies studied in this paper and are marked by plus signs in Fig. 28.
We found the average parameters of bright early-type galaxies (down to the xed magnitude of
M∗K + 1), the K-band absolute magnitude, the g − r and u − r olor indies, the eetive bulge
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Table 3. Average parameters for early-type galaxies (MK < −23.29
m
) and their dispersions
Nc Ng MK , g − r, u− r, re, b/a fracDeV Rr90/Rr50
mag mag mag kp
UMa 10 180 −24.19(0.59) 0.85(0.04) 2.71(0.16) 4.12(1.62) 0.69(0.18) 0.97(0.06) 3.05(0.24)
eld 11 109 −24.32(0.68) 0.86(0.04) 2.73(0.12) 4.41(2.17) 0.69(0.19) 0.97(0.05) 3.02(0.22)
I 5 117 −24.20(0.60) 0.85(0.04) 2.70(0.14) 4.41(1.64) 0.70(0.18) 0.97(0.06) 3.02(0.23)
II 11 138 −24.25(0.65) 0.86(0.04) 2.72(0.15) 4.06(1.94) 0.67(0.18) 0.97(0.05) 3.05(0.24)
III 5 34 −24.32(0.64) 0.86(0.04) 2.75(0.14) 4.60(1.95) 0.72(0.20) 0.97(0.05) 3.09(0.23)
radius in the r band, the axial ratio b/a, the ontribution of the de Vauouleurs bulge to the surfae-
brightness prole and to the onentration index, whih is equal to the ratio of the galatoentri
radii ontaining 50% and 90% of the Petrosian ux. Table 3 lists the data obtained for the UMa
superluster, its immediate viinity, and three samples of galaxies. Cluster subsamples are seleted
from the list of lusters studied, whih subdivided by mass:
(I) M>3× 1014 M⊙;
(II) 1× 1014 M⊙<M<3× 1014 M⊙;
(III) M<1× 1014 M⊙.
Sample I onsists of the most massive lusters: A1003, A1169, A1377, A1436, and Anon1; sam-
ple II onsists of A1270, A1291A, A1318, A1383, A1452, A1507, Anon4, RXCJ1010, RXJ1033,
RXCJ1053A, and RXCJ1053B, and sample III onsists of A1461, A1534, Anon3, Sh166, and
RXCJ1122. An analysis of the data listed in Table 3 leads us to onlude that early-type (i.e.,
bulge dominated) galaxies have nearly the same properties in all samples. There is a weak tendeny
for these galaxies to be brighter in the IR on the one hand, in eld lusters in the viinity of UMa,
and, on the other hand, in less massive lusters (i.e., in those with lower veloity dispersion).
5. THE RELATION BETWEEN THE TOTAL K-BAND LUMINOSITIES AND MASSES OF
CLUSTERS
The measurements of the K-band luminosities of lusters and groups of galaxies (mostly of
the virialized regions) [6, 1012℄ showed that the mass-to-luminosity ratio and the luminosities of
lusters inrease with inreasing mass of the system (the mass of the dark halo). In this paper we
nd the relations between these parameters for the partiular region: the UMa superluster and its
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Figure 26. Composite luminosity funtions for early-type galaxies. Same designations as in Fig. 25.
Figure 27. Composite luminosity funtions for late-type galaxies. Same designations as in Fig. 25.
Figure 28. The fration of early-type galaxies among the galaxies brighter than M∗K + 1 as a funtion of the
luster mass inside R200. The lled and open irles orrespond to the lusters loated in the UMa and in its
neighborhood, respetively. The plus signs indiate the lusters with the smallest (A1279) and greatest (Anon2)
frations of early-type galaxies.
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nearest neighborhood. As we already pointed out above, we nd the total luminosities of lusters
of galaxies using the Shehter parameters for the omposite luminosity funtion (−24.29m, 0.85).
The relations between the luster mass and K-band luminosity for the UMa superluster and eld
lusters in its immediate viinity have the following form (in logarithmi form):
logLK,200 = 0.75(±0.10) logM200 + 1.80(±1.22),
logLK,200 = 0.63(±0.18) logM200 + 3.50(±2.36).
We present these relations in Fig. 29. The relations obtained are averages of diret and inverse
regression derived by treating luminosity and mass, respetively, as independent variables. The
rms satter is equal to 0.08 and 0.16 for the relations derived for UMa system and eld lusters,
respetively. The satter in the superluster is about twie smaller than in the eld. Note that
the slope of the relation between M200 and LK,200 for lusters of galaxies in the UMa oinides
within the quoted errors with the orresponding slope for eld lusters. The luminosities of lusters
of galaxies are omputed in projetion, i.e., within ylinders, and deprojetion may derease them
by about 20% (depending on the loation of the luster). The luminosity orretions should be
minimal, beause the lamentary strutures in the superluster are aligned parallel to the sky plane
(see [6, Fig. 2℄). A omparison shows that despite of use of dierent tehniques our results agree with
those obtained by other authors: LK ∝ M0.72±0.04 [10℄ and LK ∝ M0.64±0.06 [11℄. The orrelation
between the masses and luminosities of lusters of galaxies allows the masses of individual lusters
to be estimated from their K-band luminosities. The satter of this relation is of speial interest.
This is believed to be most likely due to the deviation of the dynamial state of the luster from
virial equilibrium (see, e.g., [11℄). In our sample the lusters those with the greatest deviations from
the mean value are Anon2 and A1291B from UMa and A1279, whih a very poor luster loated
in the UMa neighborhood. We did not use them for omputing our regression models. The A1003,
A1452, and A1461 lusters in the UMa neighborhood also deviate from the average relation due
to their higher mass (dispersion), whih appears to orrespond to non-equilibrium state, and the
A1534 lusterdue to its lower mass. The relation between the mass and the total luminosity an
atually be used to identify lusters of galaxies that are in a peuliar state, with either too high or
too low veloity (mass) dispersion ombined with rather high luminosity. The rather small satter
that we obtained for the lusters belonging to the UMa superluster (whih is the densest part of
the system of lusters) and whih exeeds the satter obtained in other similar studies based on
various samples of lusters, whih do not form a superluster, may be indiative of the synhronous
nature of the evolution of lusters within a single system (UMa). We use the same proedures as
in ase of the relation between LK,200 and M200 to derive a formula to onnet the logarithms of
M200/LK,200 and M200 for the UMa superluster and for the lusters loated in the UMa eld. The
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resulting relations have the following form:
logM200/LK,200 = 0.36(±0.15) logM200 − 3.49(±0.96),
logM200/LK,200 = 0.60(±0.18) logM200 − 6.75(±1.01)
and are shown in Fig. 30. The satter is the same as that of the relations between the mass and
luminosity. It is interesting that the slope of these relations is higher by about one third than
the slopes of the relations M/L ∝ M0.25 and M/L ∝M0.37 derived from the relations between
LK,200 and M200 given above. Moreover, the slope of the dependene of M/LK on M for lusters
in the UMa neighborhood is somewhat steeper than that for UMa lusters and is equal to the
orresponding slope for groups of galaxies given below. Various authors obtained the following
results for other samples of lusters of galaxies: M/LK ∝M0.26±0.04 [10℄ andM/LK ∝M0.31±0.09 [12℄,
but M/LK ∝M0.56±0.05 [11℄ for groups of galaxies. The average M/L ratio inside R200 for the UMa
superluster is equal to 55± 5 M⊙/L⊙, and the orresponding ratio for eld lusters in the UMa
neighborhood is 60 ± 8 M⊙/L⊙. Note for omparison, that the average M/L ratio inside R200 for
rih lusters of galaxies (with the masses estimated using the method of austis in spheres and the
luminosities omputed inside the ylinders, like in this paper) from [12℄ is 49 ± 5 M⊙/L⊙, whih
agrees with our result within the quoted errors. The existene of the LM and M/LM relations
indiates that the formation of stars or galaxies in lusters and groups are regular proesses, however,
the eieny of star formation inside virialized regions of the lusters may be a dereasing funtion
of the luster mass (see, e.g., [10℄), as evidened by the smaller-than-unity slope in Fig. 29. Note
that the unaounted ontribution of the radiation from intragalati and intraluster stars is an
inreasing funtion of mass and may amount to 550% (see, e.g.,[12℄).
5.1. Number of Galaxies in Clusters
Clusters of galaxies are massive dark halos where baryoni matter in the form of gas and galaxies
is loated in the plaes of highest onentration. The number of galaxies down to a ertain limiting
magnitude loated in the luster inside a ertain radius (the halo oupation number) is the main
parameter, whih an be used to ompare the results of model omputations with observations. To
ompute the number of galaxies in a luster loated within R200, we adopted the Shehter funtion
parameters for the omposite luminosity funtion (−24.29m, 0.85), extrapolated this funtion down
to a ertain limiting magnitude equal to −21m. The normalization fator is equal to the number
of observed galaxies down to the limiting magnitude of 15m. We derived the relations between the
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logarithms of N200 and M200 for the UMa superluster and for lusters in the UMa eld using the
same proedures as those employed to derive the previous relations. Figure 31 presents the resulting
relations, whih have the following form:
logN200 = 0.67(±0.10) logM200 − 7.75(±0.65),
logN200 = 0.67(±0.21) logM200 − 7.80(±1.21).
The satter is the same as in ase of the previous relationsit is twie smaller for UMa lusters
ompared to the lusters loated in the immediate neighborhood of the superluster. The slope of
the relation between N and M is the same for both subsamples in what appears to be onsistent
with the results of some studies while diering slightly from those of other investigations (possibly,
due to the methods used to estimate the errors). For example, the following relations were derived
for a sample of rih lusters: N ∝ M0.70±0.09 [12℄ for R200 and N ∝ M0.84±0.04 [10℄ for R500. For
groups of galaxies within R200 the relation N ∝ M0.56±0.05 [11℄ was derived. From the theoretial
viewpoint the slope must be smaller than unity (it must lie in the 0.560.74 interval), i.e., the
eieny of the formation of galaxies must be lower and/or the proesses of galaxy disruption must
be less eient in more massive halos (see, e.g., [12℄ and referenes therein). We list the inferred
parameters of lusters of galaxies in Table 2. The number N(−21) of galaxies in the luster is equal
to the number of galaxies down to a limiting magnitude of −21m. We determine the error of LK
by subtrating the luminosity of eah galaxy (one after another) from the total luminosity of the
luster and averaging the resulting deviations. In the Table 2 fE denotes the fration of early-type
galaxies down to a limiting magnitude of M∗K + 1 and the NE is the number of suh galaxies and
is given in the parentheses.
6. CONCLUSIONS
The Ursa Major superluster is a layered system onsisting of large lamentary strutures
(see [5, Figs. 1a-1℄) with the mean redshifts of 0.051, 0.061, and 0.071. Only three lusters in
this system, A1377, A1436, and Anon1, are suiently rih both in terms of the number of galaxies
inside the virial radius and in terms of X-ray luminosity (Table 1). UMa is nevertheless a super-
luster of speial interest, beause it is a rather isolated system (see [5, Figs. 1a-1℄) with no rih
X-ray lusters of galaxies or other superlusters in its viinity, i.e., UMa is loated in the region
of the Universe with a low density of lusters of galaxies [26℄. One may say that the UMa super-
luster is loated in a lower-than-average density region and suh a loation must have an eet on
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Figure 29. Total luminosity of galaxies (M∗K < −21
m
) as a funtion of the luster mass inside R200. The lled
and open irles orrespond to UMa and eld lusters, respetively. The plus signs indiate the lusters A1279,
Anon2, and A1291B, whih were not used to derive the regression relations. These relations for UMa and eld
lusters are shown by the solid and dashed lines, respetively.
Figure 30. The mass-to-light ratio (M∗K < −21
m
) as a funtion of the luster mass inside R200. Designations are
the same as in Fig. 29.
Figure 31. The number of galaxies in the luster (M∗K < −21
m
) as a funtion of the luster mass inside R200.
Designations are the same as in Fig. 29.
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the entire system of lusters as a whole. The dynami evolution in the regions of high density of
galaxies, suh as superlusters, is believed to begin very early and ontinue until the present time
(see, e.g., [27℄). In this paper we study and ompare some of the properties of virialized regions of
lusters of galaxies loated in the viinity of the UMa superluster, both in its entral part with
a fator-of-three galaxy overdensity, and in its periphery with radius of 75 Mp. In this study we
use the data of the SDSS and 2MASS atalogs. Below we ompare our results for two samples of
lusters.
(1) The Shehter funtions for the omposite luminosity funtions of virialized regions of lusters
of galaxies have similar parameters (M∗K ,α) in UMa and in its neighborhood, and M
∗
K for the
omposite LF is 0.15m lower than the orresponding parameter for the LF of eld lusters [16℄.
(2) The Shehter funtions for the omposite luminosity funtions of early- and late-type galaxies
in virialized regions of lusters also have similar (M∗K , α) parameters in UMa and in its viinity,
and their M∗K are lower than the orresponding parameter for eld galaxies [16℄. The fration of
early-type galaxies is higher by 40% in UMa than in lusters loated in its viinity. The number
of spiral galaxies in UMa is greater by 15%, and the number of suh galaxies inreases (α > 1),
whereas that of early-type galaxies dereases (α < 1) with inreasing galaxy magnitude.
(3) The fration of early-type galaxies down to a limiting magnitude of M∗K + 1, whih is equal
to −23.m29, is of about 70% in UMa lusters and in the lusters loated in the UMa neighborhood.
This fration does not inrease with inreasing luster mass in the luster mass interval 1013 M⊙ <
M < 5.0× 1014 M⊙. The average parameters of early-type galaxies are almost the same for lusters
loated in the entral dense region of UMa and in its nearest viinity, as well as in poor and rih
lusters.
(4) The main parameters of lusters inside R200 in the UMa superluster region (LK,200,
M200/LK,200, and N200) inrease with the mass of the system. The forms of the relations be-
tween these parameters agree within the errors with the relations obtained for other samples of
lusters of galaxies drawn with no regard to the possible membership in superlusters. The lusters
loated in the densest region and identied as the UMa superluster exhibit twie smaller satter in
all relations ompared to the orresponding satter for eld lusters loated within 75 Mp of the
superluster.
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